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[1 ABSTRACT

The purpose of this program is to design a family of microelectronic blocks for timeL and frequency control equipment. Various microelectronic fabrication techniques of packag-
ing are presented. Specifications for digital and analog circuits are given. Interim results

LIof a crystal filter evaluation are presented.
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1. PURPOSE

The purpose of this program is to design microelectronic building blocks that can be

used to construct closely related equipments used in time and frequency control. The equip-

ments are specified in SHIPS-A-4104. The interlocking factors of cost, performance, avail-

ability, fauIt location, and repair procedure of the various microelectronic approaches are to

be evaluated. The work is to culminate in designs, for the required circuits and recommenda-

tion of a specific microelectronic approach.
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2. GENERAL FACTUAL DATA

2.1 IDENTIFICATION OF PERSONNEL

The following persons have contributed to the program during the report period:

Name Title Man Hours

G. Reed Brainerd Section Manager 33.0

Robert M. Frazier Senior Engineer 4.0

Wayne R. Olson Senior Engineer 216.0

Renato V. Salcedo Engineer 398.0

Edward H. Hooper Engineer 13.0

William W. Young Engineer 6.0

George A. Sporzynski Associate Engineer 408.0

Kenneth Peterson Associate Engineer 306.0

Larry Koenig Associate Engineer 63.0

Robert J. Taylor Assistant Engineer 383.0

Earl Heitman Technician 17.0

Edwin Melvin Technician 20.0

2.2 REFERENCES

(1) Designing Unneutralized Tuned Transistor Amplifiers by Use of a Westinghouse

Developed Test Set, R. M. Frazier, Westinghouse Electronics Division - Report 1
No. 306.6, March 1958.

(2) Handbook of Semiconductor Electronics, Lloyd P. Hunter, McGraw-Hill Book Co..

1956, P. 11-22.

(3) Radio Engineers Handbook, Frederick E. Terman, McGraw-Hill Book Co.. 1943.
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3. 1 DETAILED FACTUAL DATA

13.1 CIRCUIT LOADING REQUIREMENTS

All systems have been studied and a table defining the loading requirements for all cir-

cuits has been assembled. The table appears in Appendix A.

3.2 MICROELECTRONIC PACKAGING STUDY

3.2.1 General Considerations

U, The problem of making satisfactory electrical connections presents a very serious.
challenge to the designer of microminiature systems. As the size of circuits decreases, the

number of interconnecting wires remains relatively fixed. The bulk of these wires and the

connectors associated with them place a practical limit on the size of these systems.

One obvious solution to this problem is to reduce the size of the wires and connectors.

However, a level is soon reached when the wires and connectors becomes so small that con-

ventional handling techniques cannot be used. Furthermore, small diameter wires break

easily and can handle only a limited amount of current. Therefore, other methods of inter-

connections must be investigated.

When seeking a new connection scheme, it is important to keep in mind the basic ob-

jectives of microminiature circuits. Connections are just as important as circuit elements.

A bad connection will cause circuit failure as readily as a bad component. Hence, as much

care should be put into the design of connectors as into circuit design.

An interconnection scheme has been developed with the following objectives in mind:

(1) The highest possible reliability consistant with the other requirements.

(2) The maximum possible packaging density with reasonable power dissipation

per unit volume.

(3) Easy fabrication and repair of the system.

(4) Ease of layout of the conventional circuit in the interconnection scheme.

(5) Low material and assembly costs.

To achieve these goals, the packaging approach is organized on two separate levels.

On the first level, the individual circuit wafers are soldered into modules. On the second

level, the modules are interconnected to form the system. Modules are connected by means
II of plugs, hence, they are easily removable from the system. When a malfunction occurs,

the module at fault is simply replaced with a new one. This keeps down time very low. The
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circuit wafers which make up each module are interconnected on a more permanent basis,

Eventually, modules will be throw-away. For the present, the modules will be repaired af-

ter they have been removed from the system.

The interconnection system described has been kept as general as possible to ac-

commodate any of the large number of miniaturization approaches. Any flat package con- L -
figuration can be used. Figure 1 shows the dimensions of a typical substrate. In addition,

discrete components, such as inductors, which cannot be fabricated by microminiature tech-

niques can also be packaged. Small crystal filters are also compatible with this approach.

Section 3. 2. 2 explains in detail the assembly of circuit wafers into modules. Sec- 1

tion 3. 2. 3 deals with an interconnection scheme for the modules.

S o~~.5oo" HL

0.100"

i Ii
0.500"

Figure 1. Dimensions of Flat Package

3.2.2 Interconnection of Wafers

The first level of interconnections, the assembly of wafers into modules, is examined

in this section. A typical module consists of a number of circuit substrates, filters, and in-

ductors connected in a semi-permanent fashion. The size of such a module is a function of

many factors. On the one hand are such economic considerations as: cost of individual

wafers, reliability of wafers, skill of maintenance personnel, and cost of storing spares. On

the other hand, system factors such as length of leads, coupling between adjacent circuits,

heat dissipation, and logical breakdown of the system into functional units, will determine the

size of a module.
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iIn general, the system is first broken down into functional groups or areas and these

are assembled into modules. The procedure for an analog system will differ from that for aIidigital system. In an analog system, modules are generally designed around components such

as filters or other non-standard items. Digital systems in general do not have such compon-

Lents. Instead, a group of circuits which is repeated very often is used as a module.

Basically, there are two types of connections available: welded or soldered connec-

tions. Variations of these yield: several systems which are discussed next.

Welded Joints - the most straightforward approach is point-to-point wiring and

welded joints. The wafers are stacked up such that all leads are aligned. Short lengths of

wire are welded to the leads to form the required connections. This scheme requires rela-

tively little volume for connections and the materials used (wires) are very cheap. Further-

more, welded joints are very reliable. Offsetting these desirable characteristics are some

serious disadvantages. Welding small joints is a very precise operation requiring special

machinery and skilled personnel. Presently, all joints are welded by hand' which makes the

entire operation very expensive.

F1 Short wires ai'e self supporting; however, long wires would need additional support.

Repair of the modules is possible; however, much cutting and welding is needed to replace aL substrate in a module. Since all operations are made by hand, wiring mistakes during assem-
bly and repair can easily be made.

LiDeposited Connections Approach - The wafers are arranged as in the previous case.

Next, the leads are cut flush with the edges of the wafers. The three sides of the wafer stack

which contain the leads are ground down to a fine optical finish. The interconnection pattern

• is then deposited by thin film techniques. A variation of this method is to plate the stack with

copper and then selectively etch the copper away by standard printed circuit techniques or by

means of an electron beam. The results of all three processes are similar. Since only one

layer of wiring is allowed, interconnections are limited. Repair of the module is possible

only if the module is reground and replated after the faulty substrate is replaced. Although

systems such as this have been built, a question remains whether the connections made in

this manner are reliable. The area of contact is only as large as the area of the wires. Any

slight oxide on the end of these wires will result in a poor bond. Poor connections such as

these would be difficult to locate and very difficult to correct. Although assembly of such a

system can be mechanized, the basic optical grinding process is time consuming and costly.

Soldered Circuit Board - This interconnection scheme is similar to the Deposited

SConnections Approach with the exception that the interconnections are made on a separate

L 5
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circuit board instead of the edges of the wafers. The circuit board used is a 1/64" double

clad epoxy. Each board has a standard conductor pattern which consists of vertical lines on

one side and horizontal lines on the opposite side. Connections between the two sides of the

board are made by plated through holes.

The step-by-step procedure of assembly is described next. A master pattern con- fi
sisting of parallel horizontal lines is prepared on a sheet of mylar. A similar pattern consist-

ing of vertical lines is prepared on another sheet. Figure 2 shows these patterns. Registra-

tion marks are also provided on both sheets. Between the parallel lines, both sheets contain

rows of circles, which are placed over the areas where the leads from the substrates are

located. Another master pattern containing the locations for all of the holes is prepared on a

metal plate. There are two types of holes. The larger holes will accept the leads from the

substrates. The smaller holes are for the plated through interconnections which connect the

front and back side of the circuit board.

When a given system is to be interconnected, the master connection pattern is first

laid out on a specially prepared sheet of paper. Locations of the necessary plated through

holes are determined. The master metal plate is placed over the double clad epoxy board and

the registration holes are drilled. Next, the holes for the leads from the substrates aredrilled

// " "El,

..........
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Figure 2. Mylar Pattern



S~IIand finally, the holes for the plated through connections are drilled. A. typical board has two

registration holes and only a handful of holes for the plated through connections. The majority

of the drilling will be for the holes which will receive the leads. Fortuniately, these holes are

the same for each board regardless of the connection scheme; hence, they can be punchedout

to save time. The holes are then plated through.

The mylar master is programmed next. This is done by painting in areas with a

special ink. Although a hand operation, it is fast and requires little skill. The mylar sheet

is then placed over the drilled epoxy board. Standard printed circuit techniques are used to

etch away the undesired copper areas. Upon completion of this step, the boards are ready

for use. Figure 3 shows one side of the etched epoxy board. This is only a dummy board;

hence, no programming holes or areas are visible.

f Although the assembly procedure sounds complicated, it takes surprisingly little

time. The most difficult part, the layout of the connection pattern, takes less than half an

hour. Drilling of the holes is lengthy. However, the majority of these can be punched. The

remainder of the functions are relatively easy and do not take much time.

fThis packaging approach allows for interconnection of inductors and filters in addi-

tion to the circuit wafer. Crystal filters which are . 625 inches wide can be obtained now.

fE1

i~ki

L fi

Figure 3. Interconnection Boards
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In the near future, smaller size filters will be available. Inductors as small as 50 mils x

25 mils have been made. Commercially available inductors are slightly larger but are still

small enougl.ý to use in these systems. These inductors would be packaged in a form factor

compatible with the circuit wafers and interconnected in the same manner.

When the interconnection boards are finished the substrate leads are placed through

the large holes. Next, the entire assembly is dip soldered in one operation. Figure 4 is a,

photograph of a complete digital divider. The module contains 4 flip-flops and 3 gates in a,

total volume of. 22 in..3

The interconnection method just described has several advantages over the methods

described previously. Connections are made on two planes, one on each side of the epoxy

board, which provides much flexibility in the design. The steps, to prepare the connection

pattern are the same as for printed circuits. Hence, existing facilities can be used. The

majority of operations can be mechanized, therefore, assembly costs will be low. Repair

of the modules, while not easy because a large number of joints must be unsoldered, is still

feasible. This operation can be eased by using a specially shaped tip on the soldering iron.

0..0I

Figure 4. Digital Divider Module
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13.2.3 Interconnection of Modules - The Amp Meca Approach

SThe modules which have been described in section 3.2.3 must now be interconnected

to form a system. In addition to requirements of reliability, low cost and small volume is the

need for easy replacement of the module. This last point makes the use of plug-in connectors

mandatory.

The Amp Meca system is a packaging approach which allows one to interconnect cir-

cuits in three dimensions. It features individual cells which can be easily removed and re-

placed. Although not perfect, it is at the present time the best solution to the problem of

11economically connecting micro-circuit modules. In order to improve this system much fur-

ther work would have to be done.

The three dimensional Meca cell serves the dual purpose of mechanical support and

electrical contact. Figure 5 shows a typical cell. The cell has five solid faces and an open

1 top. Along two sides are cut a number of vertical grooves. Metal contacts snap into these

grooves. Each contact has a lip at the top which is attached to the circuitry inside the cell.

Figure 6 shows a system interconnected by means of Amp Meca. The side rails

support Meca cells, provide contacts for the Meca cells, and support horizontal bus bars

"ii
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Figure 5. Amp Meca Cell
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Figure 6. System Using Meca Connectors

which connect a cell to its neighbors. Each side rail has 5 bus bars; hence, up to 10 lines

are available. Metal tines which slip into the contacts on a Meca cell are soldered to the

side rails. They also fit into. programmed holes in the mother board. Thus, connections
between cells can be made either on the side rails or on the mother board. A more complete i

description of the Amp Meca system can be found in a paper presented at the Second Inter-

national Electronic Circuit Packaging Symposium, 1961, entitled Maintainable Electronic L
Component Assemblies.

The Meca cells are available in a wide variety of sizes. Three basic grids are ,

available: 50 mil, 100 mil and 200 mil. These dimensions refer to the center to center
spacings of the vertical grooves cut into the Meca~cells. The 100 mil grid of cells corre-
sponds to the 100 mil thickness of the substrates, hence, thatý grid spacing will be used. Avail-

able sizes of cells are summarized below:

50 mil grid: '•

inside dimensions: . 460" x,405" x. 120"1

outside dimensions: . 500"1 x .485"1 x .310"

10



100 mil grid:

inside dimensions:

Li H = .51", .61", .71", . 81", .91", 1. 01"

W = . 325", .425", .J525", . 625", . 725", . 825", . 925", 1. 025"

L = . 17", .27", . 37 ", .47?,, .57"1, . 67", . 77", . 87", .97",
1. 07", 1. 17"

outside dimensions

H = .60", .70", .80", .90", 1.00", 1.10"

W = .59", .69", .79", .89", .99", 1.09", 1.19", 1.29"

L = .275", .375"1 . 475", . 575", .675", .775", . 875", . 975",fi 1.075", 1. 17U", 1. 275"

200 mil grid: similar sizes are available

The Amp Meca approach has been chosen because it offers some very distinct ad-

vantages over conventional plug-in connectors. Each connection makes electrical contact in

four separate points for maximum reliability. Contacts are made on two sides of a cell.

Three other sides of the cell are used for support. Placing a retaining plate over the remain-

ing face will insure that the cell cannot possibly work free. Even without a retaining plate.

vibration tests have indicated that the cells will not. work loose. Removing a cell fromthe

circuit, on the other hand, is very easy.

In general, two types of conventional plugs are available. The first type can be

easily removed but is not self supporting under vibration. The second type is self supporting

iibut cannot be removed very easily. These characteristics are especiallytrue if one considers

only miniature connectors. The Meca connectors combine the advantages of both types, that.
is they are self supporting under vibration and can be easily removed.

Another advantage of the Amp Meca approach is its low cost. In a typical system.

the cost of all connections including cells, contacts, tines and side rails is around one dollar

per cell.

One problemwith miniature connectors is that they are just now becoming available.

Little test data is available. Furthermore, one cannot be certain that these will be accepted

and will remain in production. The: Meca approach has been in existance for several years

now. A large amount of test data on these cells is presently available. Tests on contact re-

sistance, electrical characteristics and thermal characteristics indicate that the cells will

meet all of the requirements imposed on them by this system.

• 11
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One question that may be raised at this point is the electrical coupling between the

bus lines on the side rails. The capacitive coupling between adjacent lines is 1. 1 pfper inch.

In a small system such as this, no lines will run parallel to each other for any great distance.

With careful layout, these parallel runs can be virtually eliminated. I-F amplifiers at 30 and

60 mc have been built using the Meca connection scheme. * Coupling between adjacent channels

was below 60 db with no precaution for shielding or layout. Since these amplifiers were built

with conventional components, their size was quite a bit larger than for the proposed system.

In a small system, coupling is reduced drastically. Furthermore, the system can be laid

out in a manner such that all critical lines will be separated by cells. Hence, coupling is not

expected to be a serious problem.

3.3 CIRCUIT SPECIFICATIONS

3.3.1 General Remarks

The specifications given in this section have resulted from the following compre-

hensive program.

(1) A survey of the possible circuit approaches to use.

(2) Selection of the best circuit approach.

(3) Worst case circuit design considering component tolerances and active device

parameter variations under worst case temperature conditions.

(4) Breadboard construction of the circuits in discrete form.

(5) Evaluation of the breadboard at room temperature conditions to verify design.

(6) Evaluation of the breadboards over the required temperature range with

worst case loading and minimum input signal.

(7) Modification of the design as a result of deficiencies discovered in testing.

.3.3.2 Test of Decade Divider

To characterize the Decade Divider, a complete set of tests were run on it. The

tests were:

(1) Frequency, DC to max. frequency

(2) Temperature, 00 C to 100°C

• The few extra critical leads expected can be routed via subminiature coax, or strip lines. 1
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(3) Loading, no load to 250A 60 pf.

S(4) Power Supply Voltage, 4 v. ± 5%

(5) Harmonic Analysis, Absolute Magnitude of Fundamental, and Noise Level at

i20 me.

Each of tests 1, 3, 4, and 5 was run individually at room temperature, after which

the worst possible combination was tested to 100TC.

The operation of the divider, shown in the block diagram of figure 7 was tested from mini-

mum to maximum frequency of stable operation at room temperature, no load conditions. The oper-

able frequency range was from DC to 50 mc. The output pulse, 4in figure 7, open circuit amplitude

was 2.8 v. p. with a rise time of 10 nsec and a fall time of 5 nsec. With 20 pf. to ground and 1 k ohms to11 +4 v. on both 4 and its complement 4, the maximum frequency of operation at room temperature was

43. 5 mc. Output pulse amplitude was 3. 0 v. p. at 43. 5 mc with a rise time of 20 nsec and a fall time

of 8 nsec.

The capability of the divider, over the entire frequency range and 0°C to 100'C, was

tested with varied degrees of loading. At 100'C and a load of lk to +4v., 20 pf on b'th the pulse

output and its complement, the maximum frequency of operation was 35 mcps. Pulse ampli-

tude was 3.0 v.p. with a rise time of 20 nsec and a fall time of 8 nsec. With 250

BINPUT

4 F1
II4 4

Figure 7. Block Diagram and Waveforms of Decade Divider
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ohms to +4 V. and 60 pf. to ground on the pulse output, the pulse amplitude fell to 2. 8 v. p.

but the maximum frequency of operation remained 35 mcps. v
The effect of 5% variation of power supply voltage was negligible under any loading

conditions or any temperature of 0°C to 100°C.

The distortion content of the output pulse was measured using an Airmec Type 853

Wave Analyzer. Measurements were taken at room temperature and 20 mcps input, and both

pulse output and its complement loaded with 1 k-ohms in parallel with 20 pf. Results are

tabulated below.

f, mcps 2.0 4. 0 6.0 8.0 10. 0 12.0 14.0 16.0 18.0

db 0.0 +0.4 -2.5 -8.3 -18.5 -26.4 -15.4 -15.1 -17.7

Absolute magnitude of 2. 0 mcps component = 468 my. The noise level was at least

70 db down. The measurement level of the wave analyzer did not allow a measurement below

70 db.

To obtain more fundamental output and less higher harmonic content, the output 3L

was examined. This output approaches a symetrical square wave much better than the final

pulse output. Output w a was loaded with lk ohms'in parallel with 20 pf. and the following

measurements were taken.

f, mcps 2.0 4.0 6.0 8.0 10.0

db 0.0 -16.2 -16.3 -25.9 -23.2

Upon comparing the two tabulations, it is obvious that, insofar as harmonic content

of the second and higher components is concerned, the output 3 is the more acceptable one.

Output 3 amplitude is 3. 0 v. p. with a rise time of 10 nsec and a fall time of 7 nsec.

The minimum input level required to adequately drive the divider is 2. 8 v. p. at 20

mc;.

It may be noted that the decade divider supply voltage is 4 v. while the complete sys-

tem is designed to operate from 6 v. No problems are anticipated in making the divider and

system compatible, in that a simple resistor and zener diode will provide the required 4 v.

from a 6 v. supply. This approach would also provide considerable electrical decoupling

between the supply lines and the divider and will prevent the divider from triggering on

false signals.

14



Decade Divider Specifications

EParameter Min. Design Center Max.

Supper 30 mcps
Frequency Range lower DC (0 cps)

Output Pulse Amplitude 2.8 3.0 3. 2 volts

SPulse Rise Time
(depends on loading) 15 nsec

EPulse Fall Time 8 10 12 nsec

Input Voltage Required 2. 8 volts

T r upper 100°C
Temperature lower 0 C

Power Supply Voltage 4 v

Loading 250 to +4 v. 60 pf.

Pulse Fundamental Frequency 300 400 mv.
(Amplitude)

ENoise Level (non-harmonic) 70 db

S3.3.3 Digital Gate

The digital gate performs the NAND logical function. This is equivalent to the AND

function and an inversion. The NAND function is called a universal function because any

Boolean expression can be realized by using exclusivelyNAND elements. The gate operates

in the following manner. When all of the inputs to the gate are high (positive voltage) the in-

put diodes are back biased. Current flows through the 2 k resistor into the base and saturates

the transistor. Hence, the output is in a low (ground) state. When one of the inputs is grounded,

the corresponding input diode conducts. Point A is then clamped at about +0. 9 volts. This

potential is too low for current to flow into the base of the transistor, the transistor is turned

off and the output then rises to the supply voltage. Grounding any of the remaining inputs does

not change the output voltage in any manner. *

The gate has been designed for operation up to 30 mc under worst case conditions of

temperature, loading, power supply variations and component variations. The DC design al-

lows adequate margin for a fan in and fan out of 5. The base and collector current have been

• See footnote next page.
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El
chosen to operate the gate at its most favorable power level, for maximum speed of operation.

The 2N2369 has its maximum gain bandwidth product at a collector current of approximately

10 ma. This current corresponds to a fan out load of 2 gates.

Turn on time of the gate is under 5 nsec. Turn off time is dependent, on the load.

In general, the turn off time decreases as the load is increased. Storage time is very low

because the capacitor across the two series diodes removes the stored minority carriers in

the base. L9

In general, the gate is insensitive to component tolerances and temperature and

power supply variations. This is due to the use of diodes as coupling elements. All of the

components are in the range of values which can easily be realized by present microelectronic

approaches. A number of such gates have been fabricated in thin film and the operating

characteristics have been at least as fast as for conventional circuitry.

* The NAND logical function arises because of the definition assumed here that a positive

voltage represents a logical 1 and ground represents a logical 0. Had the opposite definition

been assumed, the NOR logical function would be performed. The truth tables serves to ex-

plain the action.

positive voltage = 1 ground -1

ground = 0 positive voltage 0 j

A B C X A B C X

1 1 1 0 1 1 1 0

0 1 1 1 0 1 1 0

1 0 1 1 1 0 1 0

'0 0 1 1 0 0 1 0

1 1 0 1 1 1 0 0

0 1 0 1 0 1 0 0

1 0 0 1 1 0 0 0

0 0 0 1 0 0 0 1 ,1

thus X = A B C thus X = A+B+C
or the NAND orStroke function or the NOR function

Thus the same gate can be used to perform NAND or NOR functions, depending on the defi-

nition of the logic levels.
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Digital Gate Design Characteristics (see also figure 8)

iRequirement Minimum Design Center Maximum

Input Signal Frequency 0 cps. 30 mc.

Input Signal Level

Gate On +1. 8 volts

Gate Off +. 8 volts

1  Output Signal Level

Gate On .50 volts

Gate Off 6 volts

Power Supply 5.4 volts 6 volts 6.6 volts

Temperature Range

Upper +65'C

ELower 0OC

_ _ +6V

A OUTPUT

I l)2N2369

20PFo----

ii

Figure 8. Digital Gate

41
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3. 3. 4 Universal Amplifier il
3.3.4.1 Selection of Transistor

Several factors were of importance when selecting a transistor for the Universal

Amplifier. One factor was whether or not the particular transistor was available in micro-

miniature form for placement on a thin film wafer. Other important factors include transistor

dissipation, input and output impedance levels, frequency response, performance over a tem-

perature range, and price. Transistor 2N2369 has several characteristics which make it de-

sirable for use in the thin film block. This transistor was designed for use in both linear and

non-linear operation; thus making it very flexible. It has a typical gain bandwidth product of

650 mc which eanbles it to be used over a wide frequency range. The input impedance is high

at frequencies below 50 mc (typically 1k) which enables it to be driven easily. Below 50 mc -j

the output impedance is large enough to enable the impedance matching network to have a

loaded Q of 10 or better. This transistor comes in microminiature form so that it can be

mounted on a thin film wafer. Under maximum operating conditions, the transistor will dis-

sipate 60 milliwatts which is only 1/2 of the maximum total dissipation allowed on a single

wafer, Furthermore, this transistor performs well over a temperature range from -55" C to

100°C. When used as an amplifier, it performed very satisfactorily from -10'C to 100'C.

Also, the transistor is priced very reasonably now, and the manufacturer expects that it will

become popular and, therefore, the price should come down even more in the future.

One disadvantage of the 2N2369 is that the microminiature package comes with Li
aluminum leads which make soldering difficult. Also, the leads are very brittle. The pack-

age can be worked with however, and it is expected that an improved package will become [3
available.

3.3.4.2 Stability Considerations L-
When an active device is used as an amplifier, there are certain conditions under

which the amplifier will become unstable and will oscillate. This problem is most pronounced

when both the input and output to the amplifier are tuned to the same frequency. This condi-

tion is known as conjugate matching. Figure 9 illustrates the general case. Referring to the

figure, if BG B i and BL B 0 the amplifier is conjugate matched.

It has been shown* that a stability factor /0, (refer to figure 9 for meaning of

parameters) defined as /0 = 2 (gll + GG) (g2 2 + GL) /M (1 + cos 0), can be used to determine

"*"Designing Unneutralized Tuned Transistor Amplifiers by Use of a Westinghouse Developed
Test Set? R. M. Frazier, Westinghouse Electronics Division - Report No. 306. 6,
March 1958.
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Figure 9. Linear Amplifier

if an amplifier will oscillate. If < 1 the maximum possible gain of the circuit is infinite
and the amplifier oscillates. If P> 1 the maximum possible gain is finite and the circuit

is stable.

From the equation defining P it can be seen that the worst case occurs when

GG=GL=0. If P is greater than 1 under those conditions, the circuit will be stable for all

generator and load impedances.

I It should be pointed out that since /0 is a function of the Y parameters of the

active device, /0 will be a function of bias point, temperature, and frequency.

The Y parameters for transistor 2N2369 are given from 50 mc to 500 mc. If it
is assumed that GG=GL=0 it is possible to plot / as a function of frequency for the 2 N2369.

Figure 10 shows the variation of /0 with frequency. At frequencies from 350 mc to 450 mc.

O is less than 1, meaning that the transistor is inherently unstable over that frequency range.
If it is to be used as an amplifier over that frequency range, it would be necessary to increase

GL and G. At frequencies below 350 mc down to 50 mc, p is greater than 1 and the device

is stable. The graph shows that /0 is decreasing rapidly below 100 mc. It appears that from

the graph that below 50 mc / might become quite close to 1.

The amplifier was first breadboarded with no feedback resistance in the emitter

lead. With this configuration, the amplifier was stable from 100 kc to 30 mc even when con-
jugate matched. However,, when the emitter resistance was added, the amplifier became po-
tentially unstable at 10 to 20 mc. When the amplifier with the emitter resistor was conjugate

19
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Figure 10. Stability (/)as a Function, of Frequency
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matched, it would oscillate. The reason for this can be seen by examining the equation de-

fining /0 . With the emitter resistor added, the input and output impedances are increased

which means g11 and g2 2 are decreased. Since /0 was already quite close to 1, the addition

of the emitter resistor caused it to go below 1.

There may be certain applications where the input capacitance of the Universal

Amplifier is high. The amplifier however can be driven in one of the following ways:

1. By a preceeding tuned amplifier employing a pi network, where the input

Scapacitance becomes part of that network. See paragraph 3. 3. 4. 5.

2. For marginal cases, partial conjugate can be used to lower the reactive

capacitance to a convenient value for the preceeding stage to drive it. This

IJ method introduces an inductor, whose unloaded Q requirement is not

critical.

3. For extreme cases, where very little capacitance is required at the input,

an emitter follower preceeding the amplifier is a solution.

3.3.4. 3 Load Line

The collector of the Universal Amplifier works into a resistive load. The mag-

nitude of this load is important as far as voltage gain and power gain is concerned. The low

frequency voltage gain(V. G.), for instance, is given by*

V.G. = (-h21/h1l)/ [Gin+h22( -h12h21/hllh22)] where hll, h 12, h 21 and h22

Sare the standard hybrid parameters for a "black box". Upon examining this equation, it can

be seen that the maximum voltage gained occurs when G. = 0.in

IIThe expression for power gain is given by*

2 12 21
P. G. =(h 2 1 /h1 1 h2 ) (1/1hh R2 1222 in/h ) 1221' +~ h -1iR[3 in[1/( - 122 h2 2~ in

where R. is the resistance seen by the collector of the transistor.
in

SThis equation shows that the power gain is zero for Rin equal to either zero or

infinity. Thus there is some R. where the power gain will be a minimum.In

"* "Handbook of Semiconductor Electronics", Lloyd P. Hunter, McGraw-Hill Book Co.,
1956, P. 11-22.

ILI
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The voltage gain and power gain are not the only criterion for choosing the load

seen by the collector. It is also important that the load be chosen so that the parameter

values for the impedance matching network are practical. Furthermore, the finite Q of the

inductor L in the impedance matching network places an upper limit on the load seen by the

collector. r
Figure 11 shows the variation of power gain with different loads when the 2N2369

is used in the Universal Amplifier. Note that the power gain peaks at a load of approximately -

1 k. A typical gain for this load is 30 db over the frequency range of interest (100 kc to

20 mc). Furthermore, an Rin of 1 k results in large values for the capacitors C1 and C2

(see figure 12) and small values for the inductor L. The values for C2 are particularly large

which means that any capacitance associated with the final load will not affect the tuning. Al-

so the small values for L are advantageous as far as microminiaturization is concerned.

3.3.4.4 Negative Feedback

The use of negative feedback in the R-F Amplifier and Multiplier was incor-

porated primarily to reduce the spread in gain with different transistors. ,

Another advantage resulting from this is the increase in input resistance and re-

duction of input capacitance. [3
50- 

1

40-[

[30-

20[

101
500 1000 1500 2000 2500 3000

RL (OHMS)

Figure 11. Power Gain as a Function of Rin
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Figure 12. Impedance Matching Network

'1The following tabulation shows typical values for input resistance, input capacit-

ance, and variation of output voltage for amplifier using transistor 2N2369 with and without

feedback. The percentage in output voltage variation is given for a group of six transistors

taken at random. Their performance was recorded at each frequency. The table shows the

percentage variation in output voltage.

Without Feedback With Feedback

% output voltage % output voltage
variation voltage
W.R.T. W.R.T.

Frequency Input R Input C Transistors Input R Input C Transistors

100 Kc 630 480 pf 21% 1. 3K 140 pf 4.2%

1 Mc 460 370 pf 22% 870 180 pf 7%

10 Mc 170 230 pf 28% 3K 108 pf 4. 2%

20 Mc 73 160 pf 20% 2K 41 pf 5%

23



Figure 13 shows the variation of power gain with frequency with feedback

and without feedback. [1

20

0.0 I 20

FREQUENCY (MC) ['
Figure 13. Power Gain Versus Frequency

Without feedback, the voltage gain of the Universal Amplifier is quite sensitive to

emitter current. Figure 14 illustrates the improvement which results from feedback.

The improvement in linearity is shown in figure 15. 1]
3.3.4. 5 Pi Network Design

The type of network used in the output of the Universal Amplifier is shown inl
figure 12. This network, when tuned to resonance, presents a resistive load to the collector

of the transistor.

To determine the correct value for L, C1 , and C2, it is necessary to know the load
R L, and the reflected resistance R in. The values for XL, XC1, and XC2 are calculated from*

xL Rin RR sin B/(RL cos B- J-•.')F,- = i,_RRL sin B, and

"*'"Radio Engineers Handbook", Frederick E. Terman, McGraw-Hill Book Co., 1943.
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Figure 14. Voltage Gain as a Function of Ic

aXbe Rin RL sin B/(Rin cos B- VFIj-L)I* In these equations Bis the

angle between the input and output voltages. In general, smaller angles result in higher
R P

Sloaded Qs. This can be seen from the formula for the loaded Q. QL = X where Rp is

the parallel combination of the transistor output resistance Ro, the resistance R due to the
0 c

finite Q of the coil, and the reflected resistance Rn. Q will increase with decreasing X
in ~L wilices ihdcesn L

and X decreases with decreasing B. Angle B of below 10' is satisfactory. If the loaded Q

LL' [• for a given B is too low, a lower value of B must be chosen and the calculations for XL.

X and X will have to be repeated.

The actual resistance seen by the transistor will not be the desired Rin because

of the finite Q of the coil. The coil is shunted with. a resistance Rc euqal of Qu XL where

Q is the unloaded Q of the coil. The transistor sees the parallel combination of R. and Ru in C

25
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Figure 15. Amplifier Linearity

If the resistance R is not 10 times larger than Ri, then it may be necessary to calculate

XL' Xci, and XC2 by accounting for the Q of the coil. The coil Q must be known to within

±5% for this method to work. Refer to Appendix B, part 1, for the equations defining X

XC1, and XC 2 by accounting for the Q of the coil.

There are certain applications, for instance when the amplifier load is a crystal

filter, where the resistance looking back from the load into the network must be equal to the

load resistance. This resistance is given by

R R 2 (1XL )2 X2]: (rfe to

seen =R 3 2 (1---)2 + XL2 (refer to Appendix A, part 2.seen 3 XC XC1 __3 C

for derivation) where R 3 is the equivalent resistance shunting the coil. The resistance R3

consists of the output resistance of the transistor in parallel with the resistance Rc due to

the Q of the coil. If Rseen is to be equal to the load resistance R it is necessary for R3

to be equal to R. se

in
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3. 3. 4. 6 Design Characteristics of Basic Circuits

Figure 16 through 19 show the schematic of the basic analog circuits; R-F Ampli-

fier, frequency multiplier, emitter followed and mixer. Tables 1 through 12 shows their

design characteristics for collector currents of 5 and 10 milliamperes.

Mixers are shown for one collector current value only because of the special non-

linear operation of this device.

Design characteristics for R-F Amplifiers are shown for input frequencies of 100

kc, 1 mc, 10 mc and 20 mc. Design characteristics for multipliers are shown for input fre-

quencies of 1, 2, and 4 mc, and multiplication factors of 2, 4, and 5, supplying outputs from

2 to 20 mc.

jThe emitter follower is for wideband operation. Its input level, input resistance

and input capacitance are dependent on output load.

HI!

El

RR

4.7 K R4 C2

, 20

[4I5 EXTIERNAL
LOAD

-6V 6V

[iJ. IR5 R6 FREQ. C4  C5 CS C2  L

5 MA. 560 560 100 KC IUF IUF 30•)OPFf67,OOOPF 108 UH
10 MA. 560 0 I MC 0.2UF 0J2 UF 3,O00PF 6800 PF 10.8 UH

10 MC 0.12 UF 0.12 UF 290PF 1680 PF 1.1 UH

20 MC 0.12 UF 0.12 UF 150 PF 330 PF 0.545 UH

Figure 16. R-F Amplifier
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INPUTo - ( 2N2369 , T••

ii
0.R2 L LOD

So;,2oF EXTERNAL
C4 1 Rr.LOAD

_ R6

-6V 6V

INPUT OUTPUT
is R5 R6 FREQ. FREQ. C4 CI C2  L

5MA 560 560 IMC 2MC 0.2UF 1510 PF 3300PF 6.1UH

10 MA 560 0 21MC 4 MC 0.12 UF 750PF 1510PF 3 UH

4 MC 16 MC 0.12 UF 195 PF 405 PF 0.765UH

4MC 20MC 0.12 UF I5OPF 330PF 0.545UH

Figure 17. Multiplier

+ 6V

INPUT UF- 6_

R 3 [S
4.7K

R6 0.2 ;UF EXTERNAL
C4 LOAD

-6V

Ie R5 R6

5 MA 560 560

IOMA 560 0

Figur~e 18. Emitter Follower
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R33

-• • 0.12T

UF LEXTERNAL

Ij LOAD
-6V +6V

EINPUT NO. I INPUT NO.2 OUTPUT C4  L CI C2

O. IMC 2MC 2.1MC 0.2UF 6.1UH 1510 PF 3300PF

2 MC 16MC 18MC O.12UF 0.678UH 17OPF 360PF

[12MC 18MC 20MC 0.12 UF 0.545UH I5OPF 330PF

1] Figure 19. Mixer
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Table 1 - Design Characteristics

For 100 Kc Amplifier
5 and 10 ma Operation

Requirements 1/ Minimum Design Center 2/ Maximum 2/

Input Level 100mV/190mV

Input Capacitance 140 picofarads

Input Resistance 1. 3 k ohms L
Output Amplitude 0. 5v/1. Ov

Voltage Gain 4.7/5.3

Power Gain 24/25 db

Output Voltage variation (for 1%
±5% supply voltage change)

Operating Temperature

Upper Limit 1000C V
Lower Limit -10 0 C

Linearity (for 0. 005 to 6%/2%
0. 150V input range)

Power Supplies

#1 +6 volts

#2 -6 volts

Current Consumption 5 ma/lO ma

1/ For an external load resistance of 100nl inparallelwith 100picofarads. Q of tuned circuit 71
is 10±1, and at resonance offers a resistive load of 1K ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 MA, lower figure for 10 MA collector
current.

3-1
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Table 2 - Design Characteristics

For 1 Mc Amplifier
5 and 10 ma Operation

SRequirements 1/ Minimum Design Center 2/ Maximum 2/

Input Level 105mV/I05mV

Input Capacitance 180/184 picofarads

Input Resistance 1. 53kn/870fl

Output Amplitude 1. OV/1. 0V

Voltage Gain 10/11.7

Power Gain 31 db/32 db

Output Voltage variation (for 1%
± 5% supply voltage change)

Operating Temperature

Upper Limit 1000 C

Lower Limit -10°C

Linearity (for 0. 005 to ±10/06%
0. 150V input range)

Power Supplies

#1 +6 volts

#2 -6 volts

Current Consumption 5 ma/10 ma

1_./ For an external load resistance of 1000 in parallel with 100 picofarads. Q of matching
circuit is 10±1, and at resonance offers a resistive load of 1K ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.

101
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Table 3 - Design Characteristics

For 10 Mc Amplifier
5 and 10 ma Operation

Requirements 1/ Minimum Design Center 2/ Maximum 2/

Input Level 120mV/120m V

Input Capacitance 96/110 picofarads

Input Resistance 3.8K ohms/3K ohms

Output Amplitude 0. 85V/1. OV

Voltage Gain 7.5/8.3

Power Gain 33 db/ 33 db

Output Voltage variation (for 1%
± 5% supply voltage change)

Operating Temperature

Upper Limit 100 0 C

Lower Limit -10 0 C

Linearity (for 0. 005 to 6%/2%
0. 150V input range)

Power Supplies

#1 +6 volts

#2 -6 volts

Current Consumption 5 ma/10 ma

1/ For an external load resistance of 100f. in parallel with 50 picofarads. Q of matching
circuit is 10±1, and at resonance offers a resistive load of 1K ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.

L3
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LiTable 4- Design Characteristics

For 20 Mc Amplifier
5 and 10 ma Operation

gRequirements 1/ Minimum Design Center 2/ Maximum 2/

Input Level 125mv/125mv

Input Capacitance 42 picofarads

Input Resistance 2K ohms

Output Amplitude 0. 88/0. 98v

SVoltage Gain 6.8/7.5

Power Gain 29 db/ 30 db

Output Voltage variation (for 1%
S5% supply voltage change)

Operating Temperature

Upper Limit 100°C

Lower Limit -10°C

Linearity (for 0. 005 to 4%/2%S~0. 150V input range)

Power Supplies

S#1 +6 volts

#2 -6 volts

Current Consumption 5 ma/10 ma

Sl/ For an external load resistance of 100a in parallel with 25 picofarads. Q of matching
circuit is 10±1, and at resonance offers a resistive load of 1k ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.
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Table 5 - Design Characteristics

For Multiplier x 2
2 Mc Output

For 5 ma and 10 ma Operation

Requirements 1/ Minimum Design Center 2/ Maximum 2/ I
Input level 0. 35v/0. 66 volts

Input Capacitance 17/19 picofarads

Input Resistance 2. 2/1. 7K ohms
Output amplitude 0. 57/1. 1 volts

r. m. s.

Power Gain 17. 6 db/ 16. 8 db

Output Voltage Variation (for 1%
±5 percent supply voltage
change)

Operating temperature

Upper Limit 1000 C

Lower Limit -10 0 C

Power Supplies

#1 +6 volts

#2 -6 volts L.
Current Consumption 5 ma/10 ma

I/ For an external load of 100 ohms in parallel with 100 picofarads. Q of matching circuit LI
is 10 ± 1 and at resonance offers a resistive load line of 1k ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.
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L1Table 6 - Design Characteristics

For Multiplier x 2
4 Mc Output

For 5 ma and 10ma Operation

LRequirements I1/ Minimum Design Center 2/ Maximum 2/

Input level 1. OV/0. 9V

Input Capacitance 14/16 picofarads

Input Resistance 2.8K ohm s/2.3K ohms

Output amplitude 1. 2 Volts/I. 5 voltsr.m. s.

Power Gain 16 db/17.7 db

Output Voltage Variation (for 1%
±5 percent supply voltage
change)

Operating temperature

II, Upper Limit 1000C

Lower Limit -10 0C

Power Supplies

#1 +6 volts

#2 -6 volts

Current Consumption 5 ma/10 ma

1/ For an external load of 100 ohms in parallel with 50 picofarads. Q of matching circuit
- is 10 ± 1 and at resonance offers a resistive load line of 1k ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collectorL] current.
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Table 7 - Design Characteristics

For Multiplier x 4
16 Mc Output

For 5 ma and 10 ma Operation

Requirements 1/ Minimum Design Center 2/ Maximum 2/

Input level 1. OV/0. 8 volts

Input Capacitance 13/14 picofarads

Input Resistance 2.6K ohms/2. 1K ohms

Output amplitude 0. 27V/0. 27 voltsr. m. s. _Li

Power Gain 2. 7 db/3. 5 db

Output Voltage Variation (for 1%
c 5 percent supply voltage
change)

Operating temperature

Upper Limit 1000C

Lower Limit -100C

Power Supplies LI
#1 +6 volts

#2 -6 volts i

Current Consumption 5 ma/6 ma L1

1/ For an external load of 100 ohms in parallel with 50 picofarads. Q of matching circuit
is 10 ± 1 and at resonance offers a resistive load line of 1K ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.

El

Ll

363
LI
Li

_L#



Table 8 - Design Characteristics

For Multiplier x 5
20 Mc Output

For 5 ma and 10 ma Operation

jRequirements 1/ Minimum Design Center 2/ Maximum 2/

Input level 0. 77V/1. 0 volts

fjInput Capacitance 13/14 picofarads

Input Resistance 2.6K/2. 1K ohms

Output amplitude 0. 16/0. 33 volts
r. mn. s.

Power Gain 0. 5 db/3. 6 db

Output Voltage Variation (for 1%
± 5 percent supply voltage
"change)

Operating temperature

Upper Limit 100 0C

Lower Limit -10 0 C

Power Supplies

#1 +6 volts

S#2 -6 volts

Current Consumption 5 ma/1l ma

1/ For an external load of 100 ohms in parallel with 50 picofarads. Q of matching circuit
- is 10 ± 1 and at resonance offers a resistive load line of 1K ohms to the transistor.

2/ When two figures are shown, upper figure is for 5 ma, lower figure for 10 ma collector
current.
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Table 9 - Design Characteristics for Emitter Follower

5 and 10 ma Operation

Requirements Minimum Design Center Maximum 1/

Input Level: L
for 50 ohms load 0. 19 volts/0. 36V

for 100 ohms load 0. 33 volts/0. 65V

for 500 ohms load 1. 25 volts/1.9V L
Input Capacitance:

for 50 ohms load 14 picofarads

for 100 ohms load 10 picofarads

for 500 ohms load 8 picofarads

Input Resistance: Li
for 50 ohms load 2. 2K ohms

for 100 ohms load 2.7K ohms

for 500 ohms load 3. 8K ohms

Voltage Gain:

for 50 ohms load 0.83

for 100 ohms load 0.91

for 500 ohms load 0. 96Li

Output Impedance:

for 200 ohms generator 15 ohms

for 1K ohms generator 20 ohms

Frequency Response:

± 0.5 db 50 KC greater than 50 MC i
Operating Temperature

Upper Limit 100*C --

Lower Limit -10 0 C

Power Supplies

#1 +6 volts -j

#2 -6 volts

Current Consumption 5 ma/10 ma [j
1/ For an external load of 100 ohms in parallel with 50. picofarads. Q of matching circuit.

is 10 1 and at resonance offers a resistive load line of 1K ohms to the transistor. [1
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[1Table 10 - Design Characteristics

ffor Frequency Mixer 2. 1 Mc Output

Requirements 1/ Minimum Design Center Maximum

IJ• Input Frequency:

Input #1 0. 1 Mc

Input #2 2.0 Mc

Output Frequency 2.1 Mc

Input Level

SInput #1 235 mV rms

Input #2 100 mV rms

Input Resistance: 1K

Cross talk between inputs 23 db

Output Amplitude
at 1.8 Mc 4 mV. rms.

at 1.9 Mc 33 mV. rms.

at 2.0 Mc 92 mV. rms.

at 2, 1 Mc 76 mV. rms.

at 2.2 Mc 5 mV, rms.

Power Supplies +6 volts

-6 volts

a- Current Consumption 1 ma

H Operating Temperature

Upper Limit 100°C

FlLower Limit -100 C

1/ For an external load of 100 ohms in parallel with 100 picofarads. Q of matching circuit
is 10 1 and at resonance offers a resistive load line of 1K ohms to the transistor.

LI
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Table 11 - Design Characteristics

for Frequency Mixer 18 Mc Output

Requirements 1/ Minimum Design Center Maximum

Input Frequency: F1
Input #1 2.0 Mc

Input #2 16. 0 Mc

Output Frequency 18. 0 Mc

Input Level

Input #1 235 mV rms

Input #2 150 mV rms

Input Resistance: 1K

Cross talk between inputs 27 db

Output Amplitude

at 14 Mc 20mV. rms. j
at 16 Mc 50 mV. rms.

at 18 Mc 115 mV. rms.

at 20 Mc 11 mV. rms.

at 22 Mc 2 mV. rms.

Power Supplies +6 volts
-6 volts

Current Consumption 1 ma

Operating Temperature

Upper Limit 100 0C

Lower Limit -100 C

I/ For an external load of 100 ohms in parallel with 30 picofarads. Q of matching circuit
is 10 • 1 and at resonance offers a resistive load line of 1K ohms to the transistor.
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Table 12 - Design Characteristics

w for Frequency Mixer 20 Mc Output

Requirements 1/ Minimum Design Center Maximum

[3Input Frequency:

Input #1 2.0 Me

Input #2 18. 0 Mc

Output Frequency 20. 0 Me

Input Level
Input #1 235 mV rms

Input #2 150 mV rms

Input Resistance: IK

Cross talk between inputs 27 db

Output Amplitude

at 16 Me 20 mV. rms.
at 18 Me 53 mV. rms

at 20 Me 51 mV. rms.

at 22 Me 23 mV. rms.

at 24 Me 6 mV. rms.

Power Supplies +6 volts

-6 volts

Current Consumption I ma

Operating Temperature

Upper Limit 100 0 C

Lower Limit -10oC

1/ For an external load of 100 ohms in parallel with 20 picofarads. Q of matching circuit
is 10 ± 1 and at resonance offers a resistive load line of 1K ohms to the transistor.

3.3.4. 7 Application of Basic Circuits in the Limiter

A limiter circuit is often used as the input stage for a system, for instance, in

frequency synthesizers. The requirements of such a circuit are that it must handle a wide

range of input levels, should present a slight load to the source supplying the signal and supply

a constant output signal to the system. This output voltage could be either a sinewave or

ff- square wave depending on the particular requirements.

li A circuit in this nature can be put together using two universal amplifiers and

one or two auxiliary microminiature blocks to house the limiter diodes and resistors and

the tuned circuit when a sine wave output is needed. The maximum physical dimensions for

a limiter circuit supplying a sinewave output are 0.5 x 0.5 x 0.4 inches.
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Figure 20 shows the schematic of a limiter circuit with sinusoidal output. Table

13 shows the design characteristics.

Figure 21 shows the schematic for the circuit with square wave output. Table 14

shows design characteristics.

The limiter with a sinosoidal output was tested at different temperatures. Fig- K]
ure 22 shows the output voltage of the limiter circuit as a function of input voltage for tem-

peratures ranging from -100 C to +100'C. L
Table 13 - Design Characteristics for Limiter - Sinusoidal Output

1 Mc Input

Requirements Minimum Design Center Maximum

Input Level:

Upper limit 10 volts rms

Lower limit 0. 1 volts rms

Input Capacitance 0 pf 5 pf.

Input Resistance 430 ohms

Output Amplitude 0. 9 volts rms 1. 05 volts rms.

Output Voltage variation (for 1%
± 5 percent supply voltage
change)

Output Load:

Capacitance 120 pf * Li
Resistance 250 ohms

Operating Temperature

Upper Limit 1000C

Lower Limit -100C

Power Supplies +6 volts

-6 volts

Current Consumption 15 ma [J

[4
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"I' Table 14- Design Characteristics for Limiter - Square Wave Output
[• 1 Me Input

Requirements Minimum Design Center Maximum

LI Input Level:

Upper Limit 5 volts rms

Lower Limit 0. 2 volts rms.

SInput Capacitance: 410 pf

Input Resistance: 390 ohms

Output Amplitude: 4. 2 volts p. p. 5. 4 volts p. p.

Output Voltage Variation (for 1%
± 5 percent supply voltage
change)

Output Load:

Capacitance 120 pf

Resistance 350 ohms

Operating temperature

SUpper Limit 100°C

Lower Limit -10°C

SPower Supplies +6 volts

-6 volts

Current Consumption 15 ma

3.3.4. 8 Universal Microcircuit Block

The analog circuits shown in the preceding paragraphs performing the functions

of r-f amplifiers, frequency multipliers, emitter followers and mixers, have common values

of resistors and capacitors. This makes possible the design of a universal stage which can

01• perform all the above functions by proper external connections. The following tabulation

shows the values of these parts.

Function RI R2 R3 R4 R5 R6 R7 Li Cl C2 C3 C4 C5 Qi

R. F. Amplifier * * 4. 7k 20 560 560 * See Text 1* mfd 0.2 mfd 2N2369

Freq. Multiplier * * 4. 7k 20 560 560 * 1I " * 1 mfd 0.2 mfd 2N2369

Mixer 1K 1K 4.7k 20 560 560 5. 7K " " " * 1 mfd 0.2 mfd 2N2369

Emitter-Follower * * 4.7k 20 560 560 * * * * 0.2 1mfd 0.2nmfd 2N2369

mfd

*Part not required

Values of inductance Li and capacitors C1 and C2 are dePendent on operating frequency, (see

next paragraph for further discussion).
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Capacitors C4 andC5 are dependent on frequency band rather than on a particular

operating frequency. Capacitor C4 is either used as a bypass of the -6 volts bus line or as

emitter bypass, this eliminates the possibility of using it in common with other microcircuit [1
blocks, and reduction in its capacitance value cannot be done. Capacitor C5 is the bypass

for +6 volts supply in all cases. The correct value for frequencies below 300 kc is 1 micro-

farad, however, as it is used all the time as B+ bypass, its capacitance value can be

decreased when several microcircuit blocks are connected to the same bus line. A value of [1
0. 2 microfarads is thus adequate for C5.

Figure 23 shows the schematic of a universal circuit which contains all the non-

frequency dependent components and can provide the four basic analog functions. With the

exception of the capacitors, all components can be fabricated by thin film techniques on a
substrate area of 0. 1 square inches or less (0. 3" x 0. 3"). The number of required external ,]

leads, however, limits the number of circuits which can be accommodated on a given sub-

strate. On a 15 lead, 1/2 inch square substrate, for example, there is enough area for at

least three of the circuits (without capacitors) but only one can be used due to lead limitations.

The large capacitors required for C3, C4, and C5 cannot be fabricated at the
present time, in thin film or integrated form. Tantalum capacitors, however, can be obtained H
in pellet form with the 1 microfarad value having a diameter of 220 mils by 40 mils thick.

I RI C5 L. v
IK 0.2UF 7-= 1

SI

R44

Rv 6
I ~560

I C4 R7I
IF 5.6K

L -o -. _ _

Figure 23. Universal Microcircuit Block
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The 0. 2 microfarad values measure 100 by 40 mils. * The additional area on a substrate,

made available by lead limitations, can be used to mount and interconnect these pellet-type

capacitors, thus making possible the fabrication of the entire circuit in a single block. Work

completed on a Westinghouse sponsored development program has shown that this circuit can

Jjj be fabricated in a 15 lead, 0. 5 x 0. 5 x 0. 1" thin film encapsulated wafer by using the pellet

capacitors for C3, C4, and C5. This wafer provides a common element for r. f. amplifiers,

frequency multipliers, emitter-followers, and mixers over the required frequency range.

3.3.4.9 Auxiliary Tuned-Circuit Block

A tuned circuit is required in addition to the universal microcircuit block to per-

form the functions of r-f amplifying multiplying and mixing. Figure 24 shows the tuned cir-

cuit which is essentially a pi-network providing both selectivity and impedance matching.

D

t II - 0

I C2

L _

Figure 24. Auxiliary Tuned Circuit Block

Two basic problems have been considered and solved so that this circuit can beLii fabricated in micro-miniature form. The problem of tuning has been solved by designing

with relatively low loaded Q's. This allows C 1 to be step-tunable and this type of capacitor

can be fabricated in thin-film form. The dynamic impedance (L/C ratio) is also selected so

that the selectivity is dependent principally on RL and the coil Q rather than on the transistor

amplifier input and output impedances. Thus, the tuned-circuit can be adjusted independent

of the amplifier and it will not be detuned when connected to the universal microcircuit block.
The lower loaded Q's also allow the coil L to be of lower Q and thus more easily available

in smaller sizes. The requirements on RL also can be satisfied by step-adjustability which

can be accomplished with thin-film resistor techniques.

0* Capacitors of this type can be obtained from TRANSITOR ELECTRONICS, INC. Benning-

ton, Vermont

n 
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Work completed on the Westinghouse sponsored development program has shown

that the tuned circuit blocks can also be fabricated in a 0. 5 x 0. 5 x 0. 1 inch wafer using corn-

ponents which are presently available. Larger sizes of C1 and C 2 are obtained by using [
ceramic pellet capacitorsI in parallel with the step-adjustable thin-film capacitors. Inductors

used are of the toroidal type such as those available from VANGUARD.2 2-j

The following tabulation shows the values for LI, Cl, and C2 for various fre-

quencies.

Frequency Li Cl C2

0. 1 Mc 110 1H 30000 pfd. 67000 pfd. L
1 Mc 10 gH 2000 pfd. 6800 pfd.

10 Mc 1 AH 300 pfd. 680 pfd. 1
20 Mc 0. 5 pH 150 pfd. 330 pfd. Li
30 Mc 0. 35 Hill 100 pfd. 220 pfd.

3.3.5 Analog Gate L
The analog gate is designed to switch 2 to 3 mc sinewaves at rates up to 100 kc. In

the "off" condition attenuation of at least 80 db is required. In the "on" condition, minimum

attenuation is desired. Switching of the gate should not produce transients which would satu-

rate the circuitry following the gate. Harmonic distortion should be kept to a minimum,

although it is not critical, because any harmonically related frequencies will be subsequently

filtered out.

The schematic of the analog gate is shown in figure 25. When a positive voltage

is applied at the gating terminal, diode D1 is forward biased and diodes D2 and D3 are reverse

biased. Reverse biased diodes have a capacitance of 1 pf. This is equivalent to 53k ohms at

3 mc. Diode D is forward biased and has an AC impedance of 30 ohms. Hence, the analog

signal is greatly attenuated. This attenuation is a function of the output load. For the load

encountered in the synthesizer a theoretical attenuation of 105 db is possible. The measured

attenuation was 88 db which was near the measuring limit of the instruments used.

When a negative voltage is applied at the gating terminal, diode D, is back biased L
and diodes D2 and D3 are forward biased. Thus, an analog signal can now propagate from

the input to the output with very low attenuation. Almost all of the attenuation of this circuit I
occurs at the 120 pf capacitor. The capacitor has been made small in order to allow fast

switching of the gate. If the fast switching characteristic is not required, this capacitor can

be made larger.

1. Such-as those available from SCIONICS size 0. 1 x 0. 1 x 0. 03"

2. Vanguard Electronics Co., Series 92 HF Subminiature Toroidal Inductors Q's 50 to 70, I
0. 2 x 0. 2 x 0. 1"
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ID

I]GATE
INPUT +6V OR-6V

111.5K
ISOOPF D2 D3  120PFI - I' [ - `O

ANALOG , GATED
INPUT .5K I 1.5K OUTPUT

Figure 25. Analog Gate

Analog Gate Design Characteristics (see also figure 25)

[Requirement Minimum Design Center Maximum

Input Level of analog signal .50 volts

load= 500

Input Frequency 2 to 3 mc

Input Impedance

Gate enabled-unloaded 450

-shorted 250

Gate inhibited 1. 4K

Attenuation 80 db

Gating Waveform

Gate enabled -6 V

Gate Inhibited +6 V

Gating waveform rise and .6 jlsec

111 fall time

Repetition rate of gating 100 Kc limited only by rise
waveform and fall times

Temperature Range

Upper +65°C

lLower O°C

3. 3. 6 Squaring Circuit

The squaring circuit was developed to provide drive for the Decade Divider or' any

other circuit which required a square wave input. The squarer must operate over a frequency

f 11range of 100 KC - 30 MC, with a sine wave input, and be able to supply a waveform with fall

times of less than 15 nsec. The falling edge is most important since it is this edge which

triggers the flip-flop.
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The required square wave could be generated with a number of cascaded switching F-
stages; however, at low frequencies the number of stages required to obtain the desired 15

nsec fall time would be prohibitive. For this reason, it was felt that circuits employing F]
regenerative feedback should be investigated. The circuits considered are discussed in the

following paragraphs.

3. 3. 6.1 Capacitive Feedback Squarer

The circuit in figure 26 was tested as a squarer with the Decade Divider as a

load. Capacitive feedback between the output collector and the input base is provided in

order to decrease the turn-off and turn-on times at low frequencies. Tests were conducted

over a temperature range from 25°C to 60'C with input frequencies from 100 kc - 30 mc.

Circuit operation was satisfactory below 10 mc, however, at higher frequencies the rise

time deteriorated. This resulted in a decreased amplitude of the square wave output. This

circuit also exhibited a tendency to oscillate at frequencies around 100 KC.

3.3.6.2 Schmitt Trigger Squarer

Two similar Schmitt Trigger configurations were investigated. Figures 27 and

28 show the circuit diagrams for these configurations. The circuit in figure 27 was the first F1
to be tested. The purpose of this test was to see if it was possible to use a Schmitt Trigger

+4V

+4V

470a 5PF 4nI

9- I.-

S~FLI P - FLOP
LOAD

Figure 26. Capacitive Feedback Squarer

100 a

20 [0In



f4lV
OUPU

2K 

90a 

0P,: 

:9 
DLi'

[on .9K I

S~-6V)

S~Figure 27. Schmi~tt Trigger (Basic)

H +6V

0•F M• OOUT PUT

IN:PUT i o |142N2369

13o 9KI So >, 20

j Figure 28. Schmitt Trigger Squarer

A 
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to supply the required square wave. A published circuit configuration was used to determine

if the basic approach was feasible. A flip-flop load was simulated as shown in figure 27.

These tests indicated that a Schmitt Trigger could be used to drive the flip-flop over a fre-

quency range from 0.5-50 mc. Work was then started on the design of a Schmitt trigger

which would consume less power than Configuration A, and which would be more suitable for

this particular application. The circuit resulting from this work appears in figure 28. Tests

were conducted using the Decade Divider as a load. The Schmitt trigger was found to operate

properly over a temperature range from 0-100°C with input frequencies from 100 kc - 30 mc.

3.3. 6.3 Specifications

The test results obtained for the two types of squarers indicate that the Schmitt

Trigger is the better for this application. Its operation is satisfactory over a wider frequency

range than the capacitive feedback circuit. Moreover, it showed no tendency to give a spuri-

ous output at the lower frequencies. The specifications for the Schmitt Trigger as determined

by the lab tests appear in Table 15.

Further tests were conducted to determine if the squarer could be driven directly

from the limiter, as in figure 29. It was found that the squarer operated properly but the

output of the emitter follower was distorted and could, therefore, not be used to drive any

additional circuitry. This problem could be overcome with the addition of another common

emitter stage. Two possible configurations are shown in figure 30.

LIMITER

BASIC UNIVERSAL EMITTER I SQUARER LLIMITER I (AMPLIFIER FOLLOWER - QAE

CIRCUITRY

Figure 29. Limiter Overloading Problem
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LIMITER AMPLIFIER FOLLOWER TRIGGERI

III
EMITTER ---. TO OTHER

FOLLOWER CIRCUITRY

Eli
(A)

U
I] LIMITER

SFigure 30. Driving Squa rer from Limiter
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TABLE 15

SPECIFICATION FOR SCHMITT TRIGGER (FIGURE 28) LI
Minimum Typical Maximum

Input Impedance 112 A}

62 pf

Input Voltage IV rms

Operating Frequency 100 kc 30 mc

Operating Temperature 0°C 100*C

Supply Voltage 6V±5% To

Output Signal Amplitude 4V

Output Rise Time 20 nsec 40 nsec

Output Fall Time 10 nsec 15 nsec

Loading 1K to +4V; 40 pf to gnd, (Flip-Flop + 20 pf)

3.4 CRYSTAL FILTER STUDY

The problem of providing sharp rejection filters in a very small volume is a very diffi-

cult circuit design problem. Both RC and LC filters have been investigated. In addition, it

was felt that an inquiry into crystal filters should be made.

In the past, crystal filters have generally been bulky and expensive. With the require-

ments imposed by transistorized circuitry, the size of these filters has been reduced some-

what. However, most of the filters available as off the shelf items are still too large for L_
use in miniaturized circuits. One of the reasons for the large size of these filters is that

there has been little demand for extremely small filters. Crystal cans are several times

larger than the crystals inside. Special techniques for halving the number of crystals needed

to perform a given function have been reported, but little work has been done to realize these

designs. U
To learn just what the state-of-the-art in crystal filter design is at the present time. a

filter specification was written and distributed to 15 crystal filter manufacturers. To date -

five replies have been received. A copy of the request is shown below followed by tables

summarizing the replies:
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AICROMINIATURE CRYSTAL FILTER SPECIFICATION

[This specification describes a set of 13 types of crystal filters needed for use

in a microminiature system. Crystal filters have been considered for use in this

system because of their desirable electrical properties.

Where the specifications called for cannot be met the closest values to the

ones specified should be used. If the specifications present undue design difficulties -

Iii two responses are required, one design would meet the original specification and the

other design would meet a relaxed specification.

The information requested therefore is:

U (1) Can the filters be designed as specified?

(2) If only some of the specifications can be met a filter with modified

specifications should be presented. An indication of development

costs and difficulties necessary to meet the original specifications

should be presented where possible.

S (3) Approximate price of filters in single and large quantities.

(4) Approximate delivery time.

ELECTRICAL SPECIFICATIONS

HA. FILTER #1

1. Frequency - 2. 0 mc - Only a single frequency will be passed.

Hence, the pass band of the filter should

be made only wide enough to pass this

frequency under worst case conditions.

2. Shape Factor - Attenuation of 100 db at frequencies 100 KC

away from the center frequency (on both sides

[1I of the center frequency).
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3. Ultimate Attenuation - Attenuation of 100 db at all frequencies

100 KC or more from the center frequency. --

For both the Shape Factor and Ultimate Dis- LI
crimination an estimate for an 80 db figure

should be presented if it substantially differs [
from the 100 db figure.

4. Pass Band Ripple - Not applicable since only one frequency will Li
be passed.

5. Impedance Level - The impedance levels of the input and output L.
circuitry can be adjusted between 50 ohms ]
and 10K. A figure around 1K is preferable.

Also, please state maximum capacitive load

that can be tolerated.

6. Insertion Level - Not important but should be kept to a 1
minimum.

B. FILTERS #2 THROUGH #10

The specifications for these filters are the same as for filter #1 with the U
exception of the center frequency. In each case the filter is required to pass only a

single frequency. The frequencies are as follows: I
Filter No. Center Frequency L-'

#2 2. 1 mc

#3 2. 2 mc

#4 2. 3 mc

#5 2.4 mc

#6 2.5 mc

#7 2.6 mc

#8 2.7 mc

#9 2.8 me

#10 2.9 mc
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C. FILTER #11

[7 1. Frequency - 16 mc. single frequency

[1 2. Shape Factor - Attenuation of 100 db at 14 and 18 mc.

3. Ultimate Attenuation - Attenuation of 100 db below 14 mc

[] and above 18 mc.

4. through 6 - same as for filter #1

LD. FILTER #12

1. Frequency - 18 mc - single frequencies

2. Shape Factor - Attenuation of 100 db at 16 and 20 mc.

3. Ultimate Attenuation - Attenuation of 100 db below 16 mc

and above 20 mc.

4. through 6. same as for filter #1.

E. FILTER #13

1. Frequency - 18.0 mc to 18.1 mc - one db down max.

[2. Shape Factor - 60 db/3 db, 2:1

3. Ultimate Attenuation - 100 db

ri 4. Pass Band Ripple -I db

5. Impedance level - Same as for filter #1

LI 6. Insertion loss - Same as for filter #1

LiMECHANICAL SPECIFICATIONS

A. Size - 0. 5" x 0. 5" x variable length. It is realized that this is a very difficult

LI requirement to meet. Other geometrical configurations will be considered.

S~In general a minimum voltage possible should be specified.

B. Reliability - MTBF data or any other reliability data should be presented.

SC. Temperature Range - -55° C to +90' C
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Summary of Manufacturers Replies for Filters 1 to 10
Attenua- r-

Manufacturer Price Size Delivery Impedance tionua-

A 1 $450 5/8"x7/8" 10-12wks. 400 02: 100 db
10 $170 x3-3/4" up to 150 pf
100 $ 95
1000 $ 63

1 $450 5/8"x7/8" 10-12 wks. 400 fl 80 db II
10 $140 x 2-3/4" up to 150 pf
100 $ 75
1000 $ 50 T

B Development .5" x.5" 17-21 wks. 30 pf max. 100 db
$700 x 1.85" production

More De- 12 wks.
Production sirable later
$30 Size . 65"x

.75"x2. 0"1

C 1 $171 .5'x. 875" 8-12 wks.
5 $144 x 3
10 $130 100 db
25 $106 10-12wks..[.
100 $ 76 for pro-

500 $ 48 duction
1000 $ 38

.5"x.625" 80 dbx 2. 0" -

D 1 $2000 .5"x1. 0" 16wks. 80db
x 1. 0"

10 $300 60 db
preferred

E 1 $300 1/2x7/8x 10-12wks 100db
5 $150 2-1/2
10 $130 I
25 $110

100 $ 90
500 $ 75
1000 $ 60

Summary of Manufacturers Replies for Filters 11 and 12 1]
Manufacturer Price Size Delivery Impedance Attenua-

tion 7-

A 1 $550 5/8"x3/4" 10-12wks. 400d1 to 100 db
10 $185 x 3" 150 pf
100 $103 with imped-
1000 $ 68 ance transformation

1 $550 5/8"x3/4" 10-12 wks. same as for 80 db
10 $155 x 2-1/2" 100 db
100 $ 85
1000 $ 57

58 l•



Summary of Manufacturers Replies for Filters 11 and 12 (Continued)

SManufacturer Price Size Delivery Impedance Attenua-
tion

B development .5"x. 5" 17-21 wks. 5 pf 100 db
over $700 x 1.85" d Sproduction
Production 12 weeks
$30 later

C 1 $128 .5'x. 5" 8 to 12 wks,
5 $118 x 2.0"?
10 $109 10-12 wks.
25 $ 87 production
100 $ 61
500 $ 39

[1000 $ 32

D 1 $1500 .5"x. 75?? 16 wks. 80 db
x 1. 0"6

60 db
preferred

E 1 $300 1/2"x 10-12 wks.
5 $150 13/16?1x
10 $130 2-3/811
25 $110
100 $ 90
500 $ 751000 $ 60

ElSummary of Manufacturers Replies for Filter 13

Manufacturer Price Size Delivery Impedance Attenua-
Li tion

A 1 $650 3/4"x 10-12 wks. 40012 and up to 70 db
10 $380 1-7/16" up to 150 pf
100 $190 x3-1/32"
1000 $116

B prototype .5'•x. 5?? 17-21 wks. 2 db, band-
$1500 x 3. 0", width less

than 55 KC
Production with 2 db -ripple 2 db
$80 ripple

C 1 $205 .625"x 8-10 wks.
5 $171 .75" x
10 $153 2.0??
25 $125
100 $ 90
500 $ 59

-j] 1000 $ 45
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Summary of Manufacturers Replies for Filter 13 (Continued)

Manufacturer Price Size Delivery Impedance Attenua-
tion F]

D 1 $1500 .5" x. 75"
x 1. 0" 171

E 1 $800 1/2" x 12-14 wks.
5 $475 15/16"1
10 $375 x 4-7/8"125 $300 "
100 $200
500 $175
1000 $130

From the table it can be seen that the size requirement is the hardest one to meet. From

other correspondence it was learned that size could be reduced in the future, when crystal FJ
manufacturers reduce the size of the cans which house the crystals. Even now the

dimensions of these filters are such that they can be used with miniaturized circuitry. For

the present application, a width of. 625" can be tolerated. Virtually all the manufacturers

specified filters which will conform to this dimension.

Filters with bandwidths much less then 1% can be made easily. Larger bandwidths than 1
1% can be made but only at a penalty of larger size and poorer electrical characteristics.

For single tone filters, 100 db attenuation outside of the passband can be obtained with 8 crystals. 171
Six crystals can produce 80 db attenuation and four crystals can give 60 db attenuation. For
these rejection levels, shielding is just as important as the number of crystals used. The

shields are responsible for some of the bulk of the units.

A calculation was made to compare the performance of a tuned amplifier chain with that of

a crystal filter. The relation used was [I
_K 1 7K res, [1 +(28 )] /

•0

Qe= effective Q of each stage

n number of stages

Kres = impedance at resonance Li
K = impedance off resonance

wo= resonance frequency

) = frequency off resonance Li
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The calculations were made for fo= 2. 9 mc. K was calculated at 3. 0 mc and expressed

res

[3in db

n Qe K/Kres in db

[j 5 10 -8

5 20 -23

5 30 -36-
5 40 -46

[5 50 -57

n Qe K/Kres in db

j10 10 -17

10 20 -46

10 30 -72

10 40 -92

10 50 -114

To get attenuation even close to 100 db, many high Q stages are needed. Although these

stages could conceivably be packaged into a small volume, the problem of aligning them

would not be easy. Furthermore, it is questionable whether one gains by replacing one

filter with 10 active circuits.

f A general conclusion reached from this study is that crystal filters can provide some

very definite advantages over other filtering methods. Electrical characteristics of crystal

filters are superior to other devices. The size of these units, on the other hand, presents

a bit of a problem at the present time. However, a number of manufacturers are investigating

meth3ds for reducing volume by a factor of two or more.

3.5 SPECIAL PURPOSE CIRCUITS

The following, special purpose circuits now exist as tentative designs:

(I) Monostable multivibrator

(2) Deflection plate amplifier

(3) Pulse amplifier

(4) DC amplifier

(5) Trigger unit (high gain squarer)

El Item (1) is a new circuit. Items (2), (3), (4) appear to be modifications to the

universal amplifier. Item (5) is a modification of the squarer.
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4. CONCLUSIONS

Work in the past quarter has accomplished the following: _

1. A listing of the load requirements for each circuit has been assembled.

2. The various microelectronic fabrication techniques of packaging have been

evaluated. A flat package of the order of 1/2" x 1/2" x 1/10"? is recommended to

package each circuit. The packages should be interconnected on three sides by

printed circuit boards and assembled into a module. The Amp Meca inter- LI
connection method is recommended.

3. Designs have been completed, temperature tests have been made, and I
specifications have been written for the following circuits:

Decade Divider (includes flip-flop and gate)

Digital Gate

Universal Amplifier

Grounded emitter amplifier LI
Frequency multiplier

Emitter follower

Frequency mixer

Limiter

Analog Gate

Squaring Circuit

4. The microminiature crystal filter evaluation is substantially complete.

Current results show crystal filter performance to be superior to other

approaches though filter size is larger than is desired. Development

programs currently in process if successful are expected to reduce K]
filter size by 2 times or more.

5. Special purpose circuit designs are under evaluation. U
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5. PROGRAM FOR THE NEXT INTERVAL

The following work is scheduled for the next period:

1. The microminiature crystal filter evaluation will be completed.

2. Special purpose circuit breadboards will be completed.

3. Specifications for the special purpose circuits will be written.

4. Circuit layouts will be completed.

5. Component evaluation will be completed.

F1
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1. Flip-Flop Requirements

[ISYSTEM DRIVEN BY DRIVES

Frequency Counter *Squarer at 1 - Decade Divider and
1 mc 1 - Squarer

*Decade Divider 1 - Decade Divider
100 kc

*Decade Divider 1 - Decade Divider and
10 kc 1 - Squarer

*Decade Divider 1 - Decade Divider and
S1 kc 1 - Squarer

*Decade Divider 1 - Decade Divider and
100 cps 1 - Squarer

*Decade Divider 1 - Decade Divider and
10 cps 1 - Squarer

*Squarer 1 - Blanking and Reset Unit

0-10 mc
*Gate 1 - Decade Divider and

0-10 mc Readout Logic

*Decade Divider 1 - Decade Divider and
0-1 mc Readout Logic

*Decade Divider 1 - Decade Divider and
0-100 kc Readout Logic

*Decade Divider 1 - Decade Divider and
0-10 kc Readout Logic

SFrequency Counter *Decade Divider 1 - Decade Divider and
0-1 kc Readout Logic

*Decade Divider I - Decade Divider and

0-100 cps Readout Logic

*Decade Divider 1 - Decade Divider and
0-10 cps Readout Logic

LI *Decade Divider Readout Logic
0-1 cps

Decade Divider or 1 - Digital Gate
Squarer 0 to 1 mc

0Time Comparator *Squarer 1 mc 1 - Decade Divider

*Decade Divider 1 - Decade Divider and

100 kc 1 - Emitter Follower

Decade Divider 10 kc 1 - Flip-Flop
(in Quinary Divider)

Quinary Divider 2 kc 1 - Resolver (500 .(
tuned to 1 kc)

* In this application the flip-flop is part of a Decade Divider.
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SYSTEM DRIVEN BY DRIVES

*Squarer 1 kc 1 - Decade Divider and F]
1 - Emitter Follower

*Decade Divider 1 - Decade Divider and
100 cps 1 - Emitter Follower F1

*Decade Divider 1 - Pulse Amplifier

10 cps 1 - Emitter Follower

Frequency Deviation *Squarer 1, 2. 5, 1 - Quinary Divider and _
Meter 5 mc 1 - Flip-Flop

*Quinary Divider I - Flip-Flop and [-
0.5, 1 mc I- Amplifier i

Quinary Divider 1 - Amplifier
200 kc ]

Frequency Standard *Squarer 5 mc 1 - Decade Divider and
1 - Amplifier

Quinary Divider, 1 me 1 - Amplifier
(part of Decade Divider)

Frequency Synthesizer Squarer, 1 me (part of 1 - Amplifier
Decade Divider),_

Mixer 20 mc (part of 1 - Mixer
Decade Divider)

2. Digital Gate Requirements

SYSTEM DRIVEN BY DRIVES H
Frequency Counter 2 - Flip-Flops 1 mc Flip-Flop

2 - Flip-Flops 1 mc Flip-Flop -

2 - Flip-Flops 100 kc Flip-Flop

2- Flip-Flops 100 kc Flip-Flop

2 - Flip-Flops 10 kc Flip-Flop

2 - Flip-Flops 10 kc Flip-Flop

2 - Flip-Flops I kc Flip-Flop

2 - Flip-Flops 1 kc Flip-Flop

2:- Flip-Flops 100 cps Flip-Flop

2 - Flip-Flops 100 cps Flip-Flop

2 - Flip-Flops 10 cps Flip-Flop

2 - Flip-Flops 10 cps Flip-Flop

Schmitt Trigger and: Counter
Reset and Blanking Unit

*In this application the flip-flop is part of a Qutnary Divider.
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FI,

Ii SYSTEM DRIVEN BY DRIVES

Time Comparator 2 - Flip-Flops 1 mc Flip-Flop

[ 2- Flip-Flops I mc Flip-Flop

2 - Flip-Flops 100 kc Flip-Flop

2 - Flip-Flops 100 kc Flip-Flop
2 - Flip-Flops 10 kc Flip-Flop

2 - Flip-Flops 10 kc Flip-Flop
Flip-Flops 1 kc Flip-Flop

2- Flip-Flops 1 kc Flip-Flop
2 - Flip-Flops 100 cps Flip-Flop

2 - Flip-Flops 100 cps Flip-Flop
2 - Flip-Flops 10 cps Flip-Flops
2 - Flip-Flops 10 cps Flip-Flops

Frequency Deviation 2 - Flip-Flops 5 mc Flip-Flops
Meter 2 - Flip-Flops 5 mc Flip-Flop

2 - Flip-Flops 1 mc Flip-Flop

[ 2- Flip-Flops 1 mc Flip-Flop

Frequency Standard 2 - Flip-Flops 5 mc Flip-Flop

2 - Flip-Flops 5 mc Flip-Flop

2 - Flip-Flops 1 mc Flip-Flop
2 - Flip-Flops 1 mc Flip-Flop

F] Frequency Synthesizer 2 -Flip-Flops 1 mc Flip-Flop

2 -Flip-Flops 1 mc Flip-Flop

2 2- Flip-Flops 20-21 mc Flip-Flop

1113. Frequency Multiplier Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Counter Squaring Circuit at 1 mc Digital gate

Frequency Deviation (xlO) Amplifier at Mixer at 1000 kc +10 Af
Meter 100 kc +Af

(xlO) Mixer at 100 kc Mixer at 1 mc + 10OAf
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[1
SYSTEM DRIVEN BY DRIVES

(xlO) Mixer at 100 kc Mixer at 1 mc + 100OfW
+ 100 Af

(xlO) Mixer at 100 kc Mixer at 1 mc +10, 000 Af
+1000 Af

(x3) Amplifier 100 kc ref Mixer and x3 Multiplier

(x3) Multiplier at 300 kc Amplifier

Amplifier at 900 kc 2 mixers

Frequency Synthesizer Squarer 1 mc input x4 Multiplier and x5 Multiplier 7]
(x4) Multiplier 4 mc 4 - Mixers

input

(x5) Multiplier 4 mc Mixer ,
input

4. Frequency Mixer Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Deviation Meter Limiter at 1 mc +Af and Analog Gate at 100 kc + Af
Amplifier at 900 kc

Limiter at 2. 5 mc + Af and Analog Gate at 100 kc + ,f
Mixer at 2400 kc

Limiter at 5 mc + Af and Analog Gate at 100 kc + af
Mixer at 5100 kc

xl0 Multiplier at 1 mc x 10 MultiplierM
+10 Af and amplifier at and at 100 kc + 10 Af
900 kc Analog Gate

x 10 Multiplier at 1 mc x' 10 Mdltiplier
+100 Af and amplifier at and } at 100 kc + 100 Af
900 kc Analog Gate

x 10 Multiplier at 1 mc x 10 Multiplier Li
+ 1000 Af and amplifier at and at 100 mc +1000 Af
900 kc Analog Gate

x 10 Multiplier at 1 mc Analog Gate at 100 kc 10, 000 kc
+10, 000 Af and amplifier
at 900 kc

Analog Gate at 100 kc Filter followed by dc amplifier El
+ Af to 10, 000 Af and
Amplifier at 100 kc

x3 Multiplier at 2700 kc and Two mixers at 2400 kc (+Ref.)
x3 Multiplier at 300 kc ,_

x3 Multiplier at 2700 kc and Mixer at 5100 kc
x3 Multiplier at 2400 kc
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SYSTEM DRIVEN BY DRIVES

Frequency Synthesizer x5 Multiplier at 20 mc and Amplifier at 0-1 mc
Mixer thru Filter at
20-21 mc

x4 Multiplier at 16 mc and Mixer thru Filter at 18. ox mc

F1 Frequency Divider at
2. Ox mc thru filter

Pulse Network thru Filter Mixer thru Filter at 19 mcIii at 2 mc and x4 Multiplier
at 16 mc thru filter

x4 Multiplier at 16 mc and Mixer thru Filter at 18. Oxx mc
Frequency Divider at
2. 0 xx mc thru filter

x4 Multiplier at 16 mc and Mixer thru Filter at 18. Oxxx mc
Frequency Divider atH 2. 0 xxx mc thru filter

Mixer thru Filter at 18 mc Squarer thru Filter at 20. x mc

and Pulse Network thru

oil Filter at 2. x mc
Mixer thru Filter at 18. Ox mc Squarer thru Filter at 20. xx mc

and Pulse Network thru

Filter at 2. x mc
Mixer thru Filter at 18.Oxx mc Squarer thru Filter at 20. xxx mc

and Pulse Network thru
Filter at 2. x mc

Mixer thru Filter at 18.Oxxmc Mixer thru Filter at 20. xxxx mcand Pulse Network thru

Hi Filter at 20. xxxx mc

5. Amplifier Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Counter Frequency Dividers at 1, 10, Schmitt Trigger
100, 1000, 10,000,
100, 000 cps

Time Comparator Decade Divider at 1 cps 1 pps output

Decade Divider at 10 kc 10 kc output

Squarer at 1 kc 1 kc output

Decade Divider at 100 cps 100 cps output

Decade Divider at 1.0 cps 10 cps output
Decade Divider at 1 cps I cps output
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SYSTEM DRIVEN BY DRIVES

Frequency Deviation Analog Gate 100 kc + Af to Horizontal input of scope 73
Meter 100 kc + 10, 000Af

Amplifier 100 kc Ref. Vertical input of scope

Mixer thru Low Pass Recorder/Indicator LI
Filter Af to 10, 000 Af

Analog Gate 100 kc x3 Multiplier, Voltage
Amplifier, Mixer

x3 Multiplier at 900 kc 3x Multiplier, Five Mixers

Frequency Standard Oscillator at 5 mc 5 me output LI
5:1 Divider at 1 mc 1 mc output

Decade Divider at 100 kc 100 kc: output

6. Analog Gate Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Deviation Meter (1) 00 kc + Af to 5 mc + Af
from Squarer or Amplifier at 100 kc Fl

(2)3 100 kc + Af from one +Af
(3) of three:mixers

(1) 100 kc + Af from Amplifier L-
(2) " + 10 Af from Mixer Amplifier
(3) " + lOOAf from Mixer and
(4) " + 1000 6f from Mixer Mixer Fl
(5) " + 10,000Af from

Mixer

(1) Binary Divider 2 kc- 100 kc LI
(2) Quinary Divider 4 kc- 200 kc Amplifier
(3) Binary Divider 10 kc- 500 kc
(4) Squarer 100 kc to 5 mc

Frequency Synthesizer Amplifier at 20 mc Mixer

7. Squarer Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Counter Standard Frequency (Internal 1 - Times 10 Mult. and [
or External) 1 mc 1 - Decade Divider

Trigger Unit or Decade 1 - Flip-Flop or
Divider 1 cps to 1 mc 1 - Decade Divider and1 - Blanking and Reset Unit

Time Comparator Limiter 1 mc 1 - Decade Divider H
Resolver 1 kc 1 - Decade Divider and

1 - Emitter Follower
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SYSTEM DRIVEN BY DRIVES

Frequency Deviation Meter Limiter 0. 1, 1, 2. 5, 5 me 1 - Quinary Divider andF1 1 - Amplifier

Frequency Standard Oscillator, 5 me 1 - Quinary Divider

Frequency Synthesizer Limiter I - Decade Divider and
1 - Times 4 Multiplier

8. Trigger Unit Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Counter Frequency Input 0-10 me Squarer

9. Limiter Requirements

SYSTEM DRIVEN BY DRIVES

Frequency Counter External Frequency Standard Squarer
1 me

U E
Time Comparator I me input Squarer

Frequency Deviation Unknown Frequency Analog Gate and Three Mixers
Meter Input (. 1, 1, 2

Reference Frequency Squarer
1, 1, 2. 5, 5 m c)

Frequency Synthesizer 1 me Input Squarer

10. Pulse Forming Networks

SYSTEM DRIVEN BY DRIVES

Frequency Synthesizer Frequency Divider 100 kc 10 Filters

U

r-D

U

9-1
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H- APPENDIX B

H• Part 1. AN IMPROVED METHOD OF DESIGNING Pi NETWORK

It is possible to calculate XL, XC1 , and XC 2 by accounting for the Q of the coil.

The formula for calculating XL if the inductor has an infinite Q is given by:*

[1 XL= :RinRLsin/)/•tL cOs/3 -_ RRL)j

HFor small positive angles/3, XL may be rewritten as

XL= RinRL sin /3/(iT RL -R Lcos

U In this equation R. is the equivalent resistance presented by the ideal Pi network

when loaded with RL. The transistor sees a resistance R'. which is the parallel combination
of RIN and the resistance Rc due to the finite Q of the coil. R'. is given by

R'. =R. R /(R.+ R
in in c in c

If this equation is solved for Rin in terms of R'.i the result is
R. = R! /R.R

Rin in c c in

By using this in the equation for XL it will be possible to determine XL for the

desired resistance R'in if the unloaded Q of the'coil is known

X [R! R /(Rc-R! R sin/3
L in c

XL= R Q'in: Lc inRsn L-'.R RL 5P

ButRc QuXL, where Qu is the unloaded Q of the coil.

F] ~R'QXR•ýýin Qu XL c" Rin - XL/ _ RLin L R-L- RL Los

*"Radio Engineers Handbook", Frederick E. Terman, McGraw-Hill Book Co. 1943
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Simplifying the above equation and collecting like terms yields:

aXL 2+bXL +c=0where

a=R' RL Cos2 2

in L CL S

b (RH in) 2 RL _ 2 2 W cos13 (sin/ - cos,6 )andI

21 1u 2 in n 2 2 2 2 2os/ s
c =-~-•- sin/3 cos/S (RI - 1)- (R"H). R Isin2+ 7

i iun

Then

XL= (-b b-4ac) /2a

Once XLhas been determined, calculate Rc from Rc = Q uXL Then find Rin from

.= R Rc/(c -

in in c( - R).

Then obtain X and X from* XCI= H. RL sin,/ and

X. R R sinA3(
I2 RinL 1 (R cos/4 -FRin RL

C-2 in (j

Part 2. DETERMINATION OF RESISTANCE LOOKING BACK FROM LOAD

Referring to figure 12(b) the impedance looking left of C2 is given by:

R JwL 1

3 1R3 + J(OL JwC I

•l - W:2113 LC1I + R 3 + Jw•L

-w 2 LC: + JwR3C
13

Raw 4L2C1 2+JW3L2C1+JwR32 C1 (1-W2LC1)943
Y1 3 /Z= R2 (1-w 2L C1) 2 + w 2L 2

"•"Radio Engineers Handbook", Frederick E. Terman, McGraw-Hill Book Co. 1943 •
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The reactive portion of Y1 will resonate with the capacitor CT The only portion seen looking

back will then be the real part of YI" This real part when coverted to a resistance Rseen

is given by: Xs 2

2 2 2 2 2 R3  .-4) + XL2
R R 3 (1-w L C1  + wL4

seen R/X 4 L2 \' 2 R(L

[;]
To verify that Rseen is equal to RL if R3 = Rin' the formulas for XL and XCIare substituted[in the equation for Rseen

Rseen = Rin2  - Ri RL/( R RL - RL Cos/5 +

R. 2 RR ot

2 2 2/S i
Rin RL sin/S

1, in RL/ L c RLs 1COS/32

R R2~ RL/AK -RL -R cos/5 • L6 i 2 /

seen L(V n - R cosf - )+ RL2 sin2

RL

'U2 2.2
R - (-RL cos13 + RL sin/:3 =R

seen RL L

11
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